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Abstract 
Organic Rankine Cycle(ORC) can effectively recover the low grade heat source due to its distinctive thermodynamic 
performance. Based on Genetic Algorithm, net power output per unit mass of geothermal water is set as the objective 
function. Evaporation pressure, superheating of the steam, the minimum temperature in the evaporator are analyzed 
to obtain the optimal performance of the system. The results indicate that under the assumption condition that the 
optimal level constitution of system parameters is determined as the working fluid of R227ea, the power output of the 
system of 596kw and the corresponding power output per unit mass of geothermal water of 11.91kJ/kg. R245ca has 
the maximal efficiency of 5.75% among the selected 6 working fluids (Butane, R236fa, R227ea, R236ea, R245fa, 
R245ca). The effect of pinch temperature in evaporator on power output per unit mass is more seriously than that of 
superheating. It is about 7 times in terms of increasing 1K of R227ea. 
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1. Introduction 
Today, environmental pollution caused by fossil fuel is becoming more and more severe; therefore, 
clean and renewable energy is highly desired [1]. Geothermal energy, as a kind of renewable energy, 
is generated and stored in the earth, with the total reserves equivalent to 500 billion tons of standard coal 
[2]. Geothermal resource stored in China’s middle and eastern basin may reach 49 billion cubic meters, 
with the energy exceeding 1.9 billion tons of standard coal. It is estimated that the generating capacity 
contributed by geothermal energy will reach 70 GW by 2050. If thermal power is substituted for 
geothermal one to generate electricity, the total amount of CO2 emission will reduce by 1 billion ton 
per year by 2050[3]. ORC is a suitable technology, using low and medium temperature geothermal 
resources, to generate electricity. This electricity-generating technique will greatly reduce the 
consumption of fossil fuels and the emission of greenhouse gases. Meanwhile, it will also promote the 
utilization of low temperature geothermal resources as well as the sustainable development of energy [4-
5]. 
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In reported ORC research, the majority of published works is devoted to the problem of selecting 
suitable working fluids and the analysis of thermodynamic cycle. For different heat source temperature 
and working fluids, improving the parameters of cycle components have been done. Many researchers 
focused on the objects of exergy efficiency, heat recovery efficiency, investment of system, and the 
parameters of inlet parameters of expander, the pressure and the flow rate in the evaporator and condenser, 
for basic ORC or ORC with internal heat exchanger [6-9].  
The main objective of this study was focused on optimizing the ORC system parameters and the 
effects of these optimal parameters. Six working fluids (Butane, R236fa, R227ea, R236ea, R245fa, 
R245ca) widely used in recovery of low heat source are selected. The cycle parameters evaporating 
pressure, steam superheat, the minimum temperature difference in the evaporator for 6 working fluids 
were calculated, and the optimal operating parameters were also ascertained. 
2. Mathematical model of ORC system 
A typical T-S diagram for the Organic Rankine Cycle system in which the working fluid is assumed to 
be in superheated vapor condition is shown in Fig.1 There are four processes in the Organic Rankine 
Cycle. Process 1-2: The dry vapour expands through an expander, generating power. Process 2-3: The 
vapor then enters a condenser where it is condensed at a constant pressure to become a saturated liquid. 
Process3-4: The working fluid is pumped from low to high pressure. Process4-1: The high pressure liquid 
enters an evaporator where it is heated at constant pressure to become dry vapor. Point 5 represents the 
inlet state of heat source at temperature of 378.15K; point 7 is the inlet state of cooling water at 
temperature of 293.15K. 
 
Fig.1. Diagram T-S of ORC system 
2.1Mathematic Model of ORC system 
The differences between power output of expander and power consumption of pump is defined as net 
power output of system: 
expnet pr pg pwW W W W W                                                                                                                             (1) 
The power output of expander, power consumption of working fluid pump, geothermal water pump and 
cooling water pump are respectively shown in equation (2) (3) (4) (5): 
 exp 1 2rW m h h                                                                                                                                            (2) 
 4 3pr rW m h h                                                                                                                                            (3) 
1 /pg g pgW m gH K                                                                                                                                          (4) 
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2 /pw w pwW m gH K                                                                                                                                         (5) 
The mass flow rate of working fluid is defined as (6): 
   5 1 4/r ph h e pp am C m t t t h h                                                                                                                    (6) 
Performance of ORC system includes power output per unit mass of geothermal water and thermal 
efficiency of system. The thermal efficiency of system is shown as (7). 
  1 4/sys net rW m h hK                                                                                                                                  (7) 
2.2 Parametric optimization of the ORC system 
In this paper, the output power per unit mass was selected as the optimization objective to evaluate the 
system performance and is shown in equation (8); evaporation pressure, superheat of steam 
and minimum temperature difference are selected as the decision variables. Genetic algorithm [10-13] 
was used to conduct parameter optimization of ORC system. Meanwhile, the corresponding system 
constraint conditions are assumed as: the pressure drops in the heat exchanger and the tubes as well as the 
energy exchange outside are ignored; the condensate is saturated fluid. The other assumptions are shown 
in Table 1. 
   max /net hf X W m                                                                                                                                (8) 
Table 1. Assumption conditions of ORC system 
Nomenclature        Value Nomenclature Value 
Temperature of  geothermal water,t5 378.15K Temperature of  cooling water 293.15K 
Increases of geothermal water pump, Hph 22m Condensation temperature 303.15K 
Increases of cooling water pump, Hpw 20m Pinch temperature of condenser 5K 
Efficiency of geothermal water pump 0.75 Efficiency of cooling water pump 0.75 
Isentropic efficiency of working fluid pump 0.70   
3. Results and discussion 
The optimization is conducted under the above conditions. When optimizing, the population and 
maximum generation are set as 100, 200 respectively, and the mutation probability and crossover rate is 
0.1 and 0.8 respectively. The most proper variables for 6 working fluids are listed in Table 2. 
Table 2. Optimized results for different working fluid 
Fluid 
Units 
 pe 
(kPa) 
ǻT 
(K) 
Tpp 
(K) 
Wnet 
(kW) 
Wnet/msource 
kJ/kg 
Șsys 
- 
Butane 755 0 3 545 10.91 5.68% 
R227ea 1550 0 3 596 11.91 5.45% 
R236ea 735 0 3 561 11.22 5.62% 
R236fa 941 0 3 570 11.40 5.59% 
R245fa 563 0 3 552 11.05 5.72% 
R245ca 398 0 3 549 10.97 5.75% 
Under the condition of condensation temperature of 303.15K, stable heat source with the temperature 
of 378.15K and flow rate of 50kg/s, it can be concluded from Table 2 that the optimal evaporation 
pressure of R227ea is the highest one, reaching 1550 kPa. However, the optimal pressure of the rest 
working fluid is less than 1000kPa which can reduce the investment. The power output per unit mass 
arrives maximum when steam has no superheat (namely the steam goes into expander in the state of 
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saturation) and the minimum temperature difference in the evaporator is 3K(minimum value of pinch 
temperature optimization interval). The maximum system output power of R227ea is 596kw. The 
corresponding output power per unit mass is 11.91kJ/kg, but its corresponding thermal efficiency is of the 
lowest value of 5.45%. Using R245ca as working fluid can generate the highest thermal efficiency, which 
has the similar optimal value as R245fa. The objective value of working fluid Butane is 10.91kJ/kg, 
relatively lower than that of others, and thermal efficiency is 5.68% relatively higher than that of others. 
The objective value is higher while the thermal efficiency is lower when the R236ea and R236fa are 
selected. 
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     Fig.2. Effect of evaporation pressure on the                                               Fig.3. Effect of evaporation pressure on the 
  net output power per unit mass                                                                  thermal efficiency of system 
Fig.2 shows the variation of objective function of 6 working fluids with evaporation pressure. In the 
given operation condition, if the superheating, the minimal temperature difference are fixed at the optimal 
value, the net power output per unit mass of all fluids first increases and reaches the maximal value, and 
then decreases gradually. Because the larger enthalpy drop and smaller flow rate of working fluid with 
higher evaporation pressure, the production of these two values becomes the largest. Comparing the six 
curves in Fig.2, each working fluid has its own optimal pressure range and that of R227ea is far away 
from that of others. The pressure value corresponding to maximum net output power per unit mass is 
called optimum evaporating pressure. When the optimum evaporating pressure for each working fluid is 
exceed, the drop rate of net output power per unit mass for various working fluid is 
R245ca>R245fa>Butane>R236ea>R236fa>R227ea.  
From Fig.3, the variation of thermal efficiency of 6 working fluids with evaporation pressure increases 
gradually. Net power output of all fluids first increases and then decreases gradually. However heat 
release of evaporator has been gradually decreasing, resulting in the increasing thermal efficiency. The 
positive influence degree of evaporation pressure on thermal efficiency of the six working fluids is 
R245fa>R245ca>Butane>R236ea>R236fa>R227ea.While thermal efficiency arrives 6%, the 
corresponding net power output of R236ea is the highest. 
Fig.4 illustrates the influences of the superheating on the objective function. The output power per unit 
mass is continuing to decline with different degree of superheat. Increasing superheat has a negative 
influence on objective function. The negative influence degree of superheating on the six working fluids 
is R227ea>R236fa>R236ea> R245fa> Butane> R245ca. When superheating increases from 0K to 20K, 
the output power per unit mass decreases by 10.7%; and when the temperature difference increases 1K, 
the value of optimal object reduces 0.06 kJ/kg for R227ea. 
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    Fig.4. Effect of superheating on the                                                     Fig.5. Effect of pinch temperature on the 
   net output power per unit mass                                                                net output power per unit mass 
The increment of minimum temperature difference in evaporator has a negative influence on 
increasing objective function as shown in Fig 5. The influence degree of minimum temperature difference 
on the six working fluids is R227ea>R236fa>R236ea>Butane>R245fa> R245ca. When the temperature 
difference increases from 3K to 10K, the output power per unit mass decreases by 24.5%; and when 
temperature difference increases 1K, the value of optimal object reduces 0.42 kJ/kg of R227ea. The 
impact of pinch temperature in evaporator on output power per unit mass is more than that of 
superheating, about 7 times in terms of increasing 1K of R227ea. 
4. Conclusions  
In this paper, based on Genetic Algorithm, the output power per unit mass of geothermal water was 
taken as the optimal object. Evaporation pressure, superheating of the steam, the minimum temperature in 
the evaporator are analyzed to obtain the optimal performance of the system. The conclusions are as 
following: 
(1)Under the condition of stable heat source with the temperature of 105ć and flow rate of 50kg/s, the 
power output per unit mass arrives maximum value when steam has no superheat and the minimum 
temperature difference in the evaporator is 3K; R227ea can provide the maximal output power of 596kw 
and the output power per unit mass of 11.91kJ/kg. R245ca has the maximal efficiency of 5.75%. 
(2)Net output power per unit mass of all fluids first increases and reaches the maximal value, and then 
decreases gradually; thermal efficiency of 6 working fluids increases with evaporation pressure gradually. 
While thermal efficiency arrives 6%, the corresponding net power output of R236ea is the largest. 
(3)The objective function will decrease when the degree of superheat and temperature difference in the 
evaporator increases. The impact of pinch temperature in evaporator on the output power per unit mass is 
more largely than that of superheating and it is about 7 times in terms of  increasing 1K of R227ea. 
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Nomenclature                                                                             Subscripts 
CP       specific heat at constant pressure, J/(kg.K)                         1,2,3,4,4a               state points 
g       accceleration of gravity, 9.8N/kg                                        exp                         expander 
h       specific enthalpy,  J/kg                                                        g                             geothermal water 
H      height, m                                                                              p                            pump 
m      mass flow rate, kg/s                                                            pp                           pinch temperature 
p       pressure, kPa                                                                       r                             working fluid 
t       temperature, K                                                                     sys                          system 
W     power, kW                                                                           w                           cooling water 
¨     efficiency 
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